the treatment and education of affected children. Before such plans can be effective we need to know how many children with cerebral palsy are to be expected in any community, and what will be the nature of their physical and mental handicap. Hitherto information of this nature has been scanty, and estimates of the incidence of cerebral palsy have been based on the numbers found in institutions, those presenting for treatment at special centres, or cases detected during routine school medical inspections.
In making this survey of cerebral palsy among children in Birmingham and the neighbouring counties (Warwickshire, Staffordshire, and Worcestershire) our aim was to locate and examine every case in the area. We did not achieve this aim for, at the time of writing (October, 1949) At,the time of writing there are 587 cases on the register, of whom we have seen 466. Sixty-six of those examined proved to be suffering from some condition other than cerebral palsy-usually uncomplicated mental deficiency. The remaining 400 form the basis of this communication.
THE INCIDENCE OF CEREBRAL PAISY
In four cities-Birmingham Coventry, Stoke-onTrent, and Walsal-we saw enough cases to make an estimate of the incidence of cerebral palsy among school-age children in these cities of some value. We did not see enough under-fives to make such an estimate for the younger children.
The low incidence for Stoke-on-Trent shown in Table 1 is due to the fact that we saw no low grade defectives there, where nearly all our cases were referred by the school medical officer.
We can make a better estimate of the incidence by including 85% of the cases referred but not yet seen, as we found that just over 85% of the cases we 360 SURVEY OF CEREBRAL PALSY In view of the admirable cooperation of general practitioners, specialists, and public health officers in these areas we think it unlikely that any great number of cases of school age escaped us. Probably the incidence of cerebral palsy among these children is in the region of 1 per 1,000. This is very much less than Phelps's (1941a) estimate of six children with cerebral palsy per 100,000 total population per year; this would mean 600 cases aged [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Spastics (1946) , estimated that there were 1 -2 cases of cerebral palsy per 1,000 children of school age in Scotland.
METHODS OF EXAMINATION AND RESULTS
A careful history was taken from the mother whenever possible; a questionnaire was sent to the mothers of children seen in institutions if they could not attend for interview. The history of the child's birth was not checked by reference to hospital or other records; Evans (1948) foumd that such records usually confirmed the mother's story. In cases of acquired cerebral palsy records of the child's stay in hospital, if any, at the time of the original illness, were obtained wherever possible.
Every child was examined clinically by one of us (PA.) and, of those over 3 years old, all but two were seen by the psychologist for an assessment of intelligence (carried out by F.E.S. in all but ten cases). Blood for Rh and Wassermann tests was taken in some instances.
Our 400 cases fall into the following groups:
A A. CONGENITAL CEREBRAL PAISY History and Clnical F Hstory. In a large number of these cases there was a history of difficult birth, and the neonatal period had been stormy. (Ths facts will be discussed in detail later.) The neonatal period once over, the child seemed to develop normally until the age of 6 to 9 months, when he was noticed to be backward in sitting up. Backwardness in passing the usual milestones was the first sign of the trouble in the vast majority of cases. In a few cases abnormalities of tone or posture were noticed from the earliest stages. The difference between the two hands makes for the earlier diagnosis of hemiplegia than of other types of cerebral palsy; thus in 34% of hemiplegics some abnormality was noted before the age of 6 months, and in only 11 % of paraplegics; for athetoids and quadriplegics the figures are 20% ARCHIVES OF DISEASE IN CHILDHOOD and 300% respectively. The diagnosis of cerebral palsy was usually made during the second year of life, and subsequent development depended upon the nature of the child's affliction.
Among the children whom we examined we found the following symptoms.
Difficulty in Walking. This was the commonest symptom in most groups. Thus, of 320 cases over the age of 3 years 102 (32 %) could not walk and 42 (13 %) could only just walk. The proportion was naturally highest among the quadriplegic spastics and athetoids.
Difficulty in Using the Hands. This was very noticeable among the athetoids, even the milder ones, and among the severer spastics. Of the athetoids over the age of 3 years 24 % could not feed themselves; for spastic quadriplegics the figure was 310% but many of these were low grade defectives.
Few children with other types of spasticity could not feed themselves.
Speech Difficulties. These were most common among the athetoids; spastics could usually talk reasonably well unless the intelligence was low.
Of athetoids, 27 % could not speak and another 25 % had a severe speech defect. The figures for spastic quadriplegics were 370% and 150%, but nearly all those who were speechless were idiots. Hemiplegics and paraplegics rarely had severe speech defects. We saw one case of motor aphasia, that of a boy with spastic quadriplegia; he had a cervical spina bifida and a meningocele had been operated on when he was a few days old.
Slobering and Grimacng. These habits were practically confined to the athetoids.
Fits. Almost a quarter of spastic quadriplegics and hemiplegics were epileptic (23 -80% and 24 2% respectively). Epilepsy was rare in other groups, although about one child in eight of the whole series had had an occasional convulsion. The frequency of fits among hemiplegics has often been noted (e.g., Ford, 1944) . We found, however, that epilepsy was equally common among the more severe cases of symnetrical spastic paralysis, where it was often associated with idiocy. Of spastic paraplegics only 30% were epileptic and only 40% of athetoids.
Incontinenc. Incontinence was nearly always a sign of low intelligence; 14% of all cases over the age of 3 years were frequently or always incontinent and two-thirds of these were idiots. Visual Defects. Refractive errors were probably common but we do not know the exact incidence. Of all cases 25 % had a squint. Squints were commonest among the spastic quadriplegics (33 %), least common among hemiplegics (16 5 %o) and athetoids (14%).
Deafness. Deafness was noted by the mother in 10 out of 55 athetoids (including cases of kernicterus) and in only three of all the other cases. Audiometry, however, shows that there is often some hearing loss even in those who do not seem deaf to their associates.
General Condition Although the great majority of these children were well looked after by devoted parents, nearly all of them were undersized and underweight.
Head Chrumference. The head was commonly on the small side. The more severe the other signs of brain damage the smaller, on the average, was the head. Thus, there were 14 microcephalics, all of whom were low grade defectives with a severe degree of paralysis; 11 were spastic, two were athetoid, and one had a mixed type of paralysis.
Of spastic quadriplegics 53 % were microcephalic or had head circumferences more than one inch below the average for the age, 29% of athetoids, 270'0 of hemiplegics, and only 19% of paraplegics; among the last two groups none were microcephalic. There were 12 hydrocephalics; seven had a paraplegia, three quadriplegia, and two hemiplegia. In one case the hydrocephalus was associated with a cervical spina bifida.
Other Congenital Abnormalitie In nine cases (2-6 o) there were other congenital abnormalities.
Sturge One of these (anal stricture) was associated with athetosis, the others with spastic paralysis. This incidence is similar to that found by Malpas (1937) in a series of 13,964 consecutive births (2* I 0/.
There were also two cases of asthma and one of migraine; the latter was interesting in that the child had a right hemiplegia and migraine associated with right sided teichopsia. The relative incidence of spastic paralysis and athetosis in our series is very different from that found by some recent writers (e.g., Phelps, 1941b; Evans, E., 1946; Collis, 1947; Evans, P., 1948) , all of whom have found athetosis to be about as common as spastic quadriplegia. Other workers find that spastic paralysis is much the commoner, e.g., Yannet, 1944; McGovern and Yannet, 1947; Ford, 1944; McCarroll, 1949 Evans (1948) , which consisted in part of children for whom admission to a special school for cerebral palsy cases was sought.
It is possible, however, that a diagnosis of combined athetosis and spastic paralysis should have been made more frequently, for, of nine spastic quadriplegics selected for admission to a special school for spastics in Birmingham, two developed athetoid symptoms after a period of treatment which resulted in a release of tension, and the diagnosis was altered to one of combined athetosis and spastic paralysis. On anatomical and pathological grounds it seems likely that the two conditions would often be associated, for either may be cortical in origin (Bucy and Buchanan, 1932; Bucy, 1942; Fulton, 1943 matermities comprised 47 % of the total. The excess in our series is signnt (S.E. 2 7). The incidence of first births in the different groups is given in Table 4 ; the differences are not statistically significant. among the symmetrical quadriplegics (S.E. 5 -7), where the male:female ratio is 2:1. lncence of Twins Nineteen of these children were twins (5 4 %), more than four times the normal incidence (I -2%). This difference is highly significant (S.E. 0-26). In nine cases the twin -sibling was normal; in ten the twin was stillborn or died soon after birth. In no cases were both twins affected. The incidence of twins was highest among the spastic quadriplegics, symmetrical and asymmetrical; in the former group the incidence was significantly in excess of that among the general population (S.E. 3 -6).
It is interesting to note that twinning is most frequent among mothers in the 30-34 age group , 1943) . This is also the commonest age group in our series (Table 3) . Abnormal Labou. In considering the incidence of abnormal labour we have excluded premature babies because (a) from the point of view of the premature infant no labour is normal, and (b) the mother often did not see her baby for days or weeks, and so could not report on its neonatal condition.
Among 221 deliveries of full term infants (i.e., those with a birth weight of over 51 lb.) there were 87 abnormal labours (39%). There were 53 cases of forceps delivery(24 %). Thirty-four labours (l 5%) were otherwise abnormal (16 lasted 36 hours or over, five were precipitate, nine were cases of breech birth, two Caesarean sections, one severe haemorrhage, and one case of prolapsed cord). The forceps rate is 5 % in Birmingham (Dr. V. M. Crosse, personal communication) with about 500 of other abnormalities of labour. Thus, abnormal labour was nearly four times as common in our series as among the general population. In 113 cases labour was normal and the mother received no anaesthetic or analgesic; in only 11 cases was the mother given any anaesthetic or analgesic during the course of a normal labour. In ten cases the obstetric history was unknown. A further analysis appears in Table 8 .
Birth Injury and Asphyxia. This group includes babies who were blue or white at birth, those who could not suck or cry, those who had fits during the first days of life, those with severe external injury and those whom the mother was not allowed to see for many hours or days. Out of 221 full term babies 85 (38 %o) had such symptoms (Table 9 ).
Neonatal apnoea, cyanosis, feebleness, and convulsions might be caused by a poorly developed brain or by a brain damaged at birth. If birth injury is the cause of such symptoms we would expect them to be commoner after abnormal labours. In our series this was what we found. Among 87 children born after an abnormal labour 57 (65 5°O had signs of birth injury or asphyxia; out of 124 cases where labour was normal 28 (22 6 %) showed such signs. In Table 8 
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Abnormal labour and birth injury were most common among athetoids; the incidence is significantly in excess ofthat in the whole series (S.E. 9 -5). Among spastics, rather more hemiplegics than quadriplegics were born after an abnormal labour, but the differences are not statistically significant.
It is interesting to note that the athetoids show the largest percentage of abnormal labours (65) (Roberts, 1939) and even normal babies may have bloody cerebrospinal fluids (Sharpe and Maclaire, 1924) .
When birth-injured babies die at or soon after birth, intracranial haemorrhage is commonly found; the subject is discussed in detail by Craig (1938) .
Asphyxia at birth produces multiple petechial haemorrhages in the brain and other organs, but there is no evidence that such petechiae cause permanent ill effects in surviving children (Ford, 1926; 1944) . Schwartz (1927) found that punctate haemorrhages into the grey matter surrounding the ventricles were common in babies dying soon after birth, and were associated with engorgement of the veins of the Galenic system. This engorgement he attributed to pressure changes inside the skull, such as occur even during a normal labour.
Can such findings be correlated with the postmortem appearances of the brain in cases of cerebral palsy dying many years after the supposed birth injury ? Here we find no agreement. Freud (1897 ), Collier (1924 , Grunee (1936) and many others reject the birth injury theory. Patten and Matthews (1935) , Stewart (1942) , Ford (1944), and McGovern and Yannet (1947) consider that birth injury rarely causes symmetical spastic paralysis, although it may cause hemiplegia. Alpers and Marcovitz (1938) , however, state that the post-mortem findings in a proportion of cases are compatible with a traumatic aetiology. Benda (1945) studied the neuropathology in 24 cases and considered that his findings supported the birth injury theory.
In cases of symmetrical spastic paralysis (quadriplegia and paraplegia) the commonest pathological findings are those of cerebral agenesis and atrophic lobar sclerosis (Ford, 1944 (1938) consider that the degenerative changes could be the result of trauma, inflammation or vascular occlusion, whether intrauterine, natal, or post-natal in origin, but many others (e.g., Collier, 1924) disagree. One of the difliculties in accepting birth trauma as the cause of many cases of ' Little's disease' is the fact that the paralysis is usually symmetrical, whereas birth haemorrhage is nearly always asymmetrical in distribution (Craig, 1938; Ford, 1944) . However, Benda (1945) stresses the fact that a symmetrical paralysis may be associated with an asymmetrical pathological lesion.
In hemiplegia and other forms of asymmetrical paralysis porencephaly may be found, and this may be attributed to vascular accidents, at birth or otherwise. Bilateral porencephaly may also be found in cases of symnetrical paralysis.
In athetosis the lesion is commonly situated in the basal ganglia, although the cerebral cortex is usually affected too. 'Marbling' of the corpus striatum in athetosis was first described by Vogt and Vogt (1920). The marbling (status marmoratus) is produced by a network of myelinated nerve fibres surrounding paler islands of glial cells and fibres. Benda (1945) found that marbling of the basal ganglia was often associated with cortical vascular lesions, and quotes experimental work to show that, in animals, such marbling may follow removal of the cortex. Norman (1947) described three cases in which status marmoratus appeared to be attributable to birth injury. He relates the characteristic distribution of the marbling to the engorgement of the Galenic venous system often found in babies dying of birth injury (Schwartz, 1927) , for these veins drain the basal ganglia. It is noteworthy that, in two of his cases, gross cortical lesions were also present.
It would seem that the part played by birth injury in the aetiology of cerebral palsy could best be estimated by following up a larW number of birthinjured babies, but few such follow-ups have so far ben published. Roberts (1939) (1949) found that 577% of premature and 0-8% of full term infants (live and stillborn) had congenital abnormalities. In our series prematurity was more common among spastics than athetoids, and, though the difference is not statistically sigifit, it is at least suggestive that the group with the greatest incidence of birth-injured babies had the smallest percentage of premature infants and vice versa.
Among spastics we found no definite evidence that birth injury is more likely to cause an asymmetrical than a synuetrical paralysis, unlike most other workers (e.g., Ford, 1926; McGovern and Yannet, 1947; Craig, 1950 Fits. Two of these children had frequent generalized convulsions; one had had a series of fits seven years after the original illness.
Inteiligence. Probably all these children were mentally retarded, though in three cases the I.Q.
was not yet assessable. Three children were low grade mental defectives. Further details are given in Table 10 .
In five of our cases spastic paralysis followed an attack of purulent meningitis during the first 15 months of life. Such a sequel to meningitis is, fortunately, uncommon. Matthews (1949) Case 2. A girl of 7 had a severe attack of poliomyelitis (of which no details are available); before that she had developed normally. When seen one year later the right arm was spastic, the left flaccid and wasted. Both legs were wasted with absent knee jerks but marked ankle clonus and extensor plantar responses. Her I.Q. was 95.
Acute Infantile Hemipegia
There were 12 cases of acute infantile hemiplegia of unknown causation, and two cases of hemiplegia occurring during the course of measles and diphtheria (Table 11) .
The former group of 12 cases included seven girls and five boys. Six were firstborn. Seven were born at term after a normal labour; three were born prematurely and two suffered from birth injury or asphyxia after an abnormal labour. Thereafter the children developed normally for a year or two, except in two cases; in one of these there was a doubtful history of dragging the affected foot, in the other the affected hand appeared to be weak in the early stages. In all twelve cases a fit, or series of fits during the first or second year, was the first definite symptom of cerebral mischief, and in each case occurred when the child seemed to be in good health. Usually the hemiplegia became apparent as the child emerged from the first series of convulsions, but in three cases repeated fits occurred before paresis developed. In two of these cases lasting hemiplegia developed after a fit of unusual severity; in the third case the child had repeated attacks of left-sided convulsions followed by a transitory left hemiplegia; after two or three years the paralysis gradually became more persistent and finally a mild hemiplegia was permanently established. In every case except the last the paralysis was most severe at its onset, and thereafter improved or remained stationary.
The residual physical and mental handicap was severe in most cases. The hemiplegia was severe or moderate. Eleven out of 12 children continued to have fits after the hemiplegia was established (compared with 24-2% of congenital hemiplegics); SURVEY OF CEREBRAL PALSY both generalized and Jacksonian convulsions occurred. One case had a left-sided hemianopia. Out of 11 children whose intelligence could be tested, ten were moderately or severely defective.
Henmplegia Associated with Specific Fevers
There were two of these. One girl had measles at the age of 18 months; while the rash was still out she had a series of right-sided convulsions lasting 48 hours, after which a right hemiplegia became apparent. The second case was that of a girl who had severe faucial diphtheria at the age of 7 years. On the eighth day she collapsed with signs of acute heart failure. Next day she was found to have a right hemiplegia and speech was difficult. The paralysis improved while she was in hospital but defective speech and mentality were noted on discharge. She was later found to have left optic atrophy and right hemianaesthesia; occlusion of the left internal carotid artery must have occurred. This was the only case in the series where the hemiplegia was not ushered in by fits; Jacksonian convulsions developed some years later.
Discussion
The aetiology of infantile hemiplegia has long been a matter for argument; the literature is summaurized by Ford and Schaffer (1927) and Wyllie (1948) .
In our series the history in most cases suggests a vascular catastrophe rather than encephalitis as the cause of the hemiplegia. Thus, the sudden onset in a healthy child, the paralysis (in all but one case) which is maximal when first apparent, the normal cerebrospinal fluid (in the four cases in which it was examined) are all suggestive of a vascular rather than an encephalitic origin. Arterial occlusion may also have caused the two cases of hemiplegia which occurred during specific fevers. The diphtheritic case may have had an arterial embolism secondary to a cardiac thrombosis. (Ford found As will be seen from Table 13 and Fig. 3 given a re-test 12 months after the original testing. These children were selected for the school as being particularly in need of specialized education and treatment and therefore would be more likely to present testing problems than many of the less handicapped. Moreover, of the six whose two I.Q. findings differed by more than 7 points, five were severely handicapped physically as well as having additional severe sight and/or speech defects. It would seem, therefore, that while the Stanford-Binet test gave fairly accurate indications of the children's intellectual levels with the moderately handicapped it could only be taken as a rough estimate when Table 17 shows that there is a siificant correspondence between the level of intelligence and the degree of physical disability. All the differences between these ARCHIVES OF DISEASE IN CHILDHOOD mean I.Q.s are statistically significant. This does not, however, imply that this is so in every individual case. There is a considerable overlap between the groups as can be seen from the wide standard deviations; some of our most intelligent children are in the groups of moderately and severely handicapped; on the other hand there are a number whose chief handicap is mental impairment, with only very slight physical disability.
Reading Test
Each child capable of reading was given the Schonell Graded Word Test (Schonell, 1945) to ascertain his level of reading attainment as measured by norms for the general school population. From this the reading age was obtained and the reading quotient computed. Our examination of the figures obtained for the 113 children in the reading group shows that 80 had reading quotients of 80 or more. These figures, however, obscure the fact that whereas some older children of mediocre intelligence and slight physical handicap obtain comparatively high reading quotients through the advantage of more years at school, a considerable number of the brighter children, who have had limited or no schooling on account of their physical disabilities, obtain low reading quotients. They have not had sufficient opportunity to use their intellectual powers to the full. Further analysis suggests that while under the present educational provision cerebral palsied children of I.Q. 70-can be taught to read fairly effectively, the normally intelligent and very bright cerebral palsied child tends to be given insufficient opportunity and stimulus to develop his abilities beyond mediocre levels.
SUMMARY AND CONCLUSIONS
A survey of cases of cerebral palsy among children in the Midlands is described.
Four hundred cases were examined; the group appeared to be a representative sample of all types of cerebral palsy.
The incidence of cerebral palsy among the school-age population of certain towns is probably about 1 per 1,000.
Among 349 
